This paper traces the history of China's reform of its monetary policy framework and analyzes its success and problems. In the context of financial marketization and the failure of the quantity-targeting framework, the People's Bank of China transformed its monetary policy framework toward one that targets interest rates. The reform includes two important institutional changes: establishing an interest rate corridor and decreasing the difficulty the Open Market Operations room faces in estimating the market demand for reserves. The new monetary policy framework successfully stabilizes the interbank offered rate. However, this does not mean that the new framework is sufficient. One important problem remaining to be solved is how to manage the effects of fiscal activities on monetary policy operations. This paper analyzes the fiscal effects on reserves in China's Treasury Single Account system. The missing role of the Treasury in monetary policy operations increases the difficulty for the central bank to achieve its interest rate target. A further reform is therefore needed to provide a coordination mechanism between the Treasury and the People's Bank of China.
I. INTRODUCTION
China's central bank, the People's Bank of China (PBOC), implemented a large-scale reform to its monetary policy framework in the new century. The main purpose of the reform was to lay down the institutional basis for an interest rate targeting monetary policy framework. Although nominally the official intermediate target at present is still money quantity (M2 and "Social Financing Scale"), a shift to an interest rate target is upcoming. In 2018, the "Report on the Work of the Government" (Central People's Government of the People's Republic of China 2018) stopped declaring a quantity target for monetary policy. This seems to show that the institutional transformation to a new monetary policy framework has come to its final stage.
This paper aims to trace the history of China's reform of its monetary policy framework in the new century and to provide an institutional analysis of its success and problems. As a transitional economy, China's monetary policy framework based on a quantity target is to some extent an institutional legacy of a planned economy where financial activity was controlled directly via a credit plan (Xiaochuan 2004) . The marketization of China's economy forced the PBOC to abandon its direct control of the financial markets, but the money quantity target remained an important part of the monetary policy framework. In the new century, especially since 2008, it has become more and more obvious that this framework is problematic in the market system, when the money quantity becomes hard to control and the fluctuations of the interbank offered rate become severe. This pushed the PBOC to adjust its monetary policy framework. The reform has proven to be successful. As shown in figure 1, the severe fluctuation in the Shanghai Interbank Offered Rate (Shibor) has been reduced to a much lower level.
In the second section, the paper will analyze the institutional reasons for the reform's success, as well as the interest rate maintenance mode of China and two important institutional changes in China's monetary policy framework: establishing an interest rate corridor and decreasing the difficulty for the Open Market Operations room (OMOR) in estimating the market demand for reserves. These changes provide the institutional basis for a price targeting framework. This success does not mean that the new monetary policy framework has become mature.
The PBOC's interest rate maintenance mode-which means the way it achieves and maintains its target rate-is similar to the Federal Reserve's. Compared to the Federal Reserve, where fluctuation in the federal funds rate is within a few basis points most of time, the fluctuation of the Shibor is still large. Some problems in official benchmark rates and reserve requirements will also be discussed in the second section. In the third section the paper will discuss an important problem in the new monetary policy framework, namely, the missing role of the Treasury, as well as an institutional analysis of the Chinese Treasury's Single Account system, showing that the lack of a coordination mechanism between the Treasury and the PBOC decreases the PBOC's ability to stabilize the interbank offered rate. As Modern Money Theory (MMT) states, Treasury spending creates money and Treasury taxing destroys it; therefore the Treasury plays an important role in monetary policy operations (Bell 2000; Bell and Wray 2002; Tymoigne 2014; Wray 2015) . 1 The fourth section concludes and offers some policy recommendations.
II. THE EVOLUTION OF CHINA'S MONETARY POLICY FRAMEWORK The Quantity-Targeting Monetary Policy Framework
Since 1998, the intermediate target of monetary policy in China has been money quantity. The quantity of money is measured by M2 and, beginning in 2011, a new indicator called the "social financing scale" was introduced to complement the M2 measure. This quantity-targeting monetary policy framework is a legacy of the planned economy: "Before 1998, implementation of monetary policy by the PBOC was through the credit plan, which was an aggregate of industry and local financing needs compiled from the bottom up" (Leung and Lu 2011) . The credit quota system was formally abandoned in 1998, but it is easy to see its shadow in the central bank's attempt to control money quantity. Besides, the price formation mechanism in the financial markets was not mature at that time and many kinds of interest rates were still under the government's direct control. This also made the quantity target preferable to a price target. 1 We will discuss briefly some propositions of MMT in China's institutional settings in the appendix.
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However, in the process of China's financial marketization, the quantity-targeting monetary policy framework became more and more unsuitable for monetary policy operations.
First, the quantity target was hard to achieve in practice. In a general case, considering that the market demand for reserves for making settlements is highly interest inelastic, it is hard for the central bank to refuse the market demand and to stick to its target. Otherwise, the domestic payment system would be unstable or even fall into a liquidity crisis, and this is totally against the central bank's responsibility of keeping its domestic payment system stable. When the market demand is not met, deposit reserve requirements and excess reserves may provide a cushion for the shortage of reserves so that a liquidity crisis will not happen immediately, but the fluctuations in interest rates will be severe, which is also harmful to the stability of financial markets. Thus, the quantity target is problematic and an interest rate target is preferable (Fullwiler 2013) . If the central bank is always ready to meet the market demand for reserves at its target rate, it can hit its interest rate target. In practice, it means that in order to keep the interest rate at its target, some monetary policy tools are needed to help the central bank know the market demand and meet it.
In China's previous monetary policy framework, the money quantity target was set by the central government and announced in the Chinese government's annual "Report on the Work of the Government." If we compare the target with the actual growth of M2, the PBOC's money quantity target was not precisely achieved. As shown in table 1, the actual growth sometimes deviated greatly from the target. Third, financial innovations made M2 a weak indicator of the whole picture of financial activity.
With the rapid development of China's financial market, financial institutions became adapted to a marketization environment and the motive to seek profit drove them to make financial innovations in order to avoid interest rate controls and other regulations on traditional banking business. Although in 2018 the PBOC adjusted the scope of M2 to include money market funds held by nondepository institutions, it states clearly that "revising the scope of the M2 indicator does not fundamentally resolve the declining effectiveness of the quantitative indicators. In light of the requirement for high-quality development, it is necessary to follow the laws of economic and financial development and to transform the method of macroeconomic management by gradually shifting from quantity-based indicators to interest rates and other price-based indicators" (PBOC 2018).
In short, as the legacy of a planned economy, the quantity-targeting monetary policy framework faces challenges from the rapidly developing financial market. The PBOC admits that "the measurability and controllability of M2 and its relevance to the real economy have been weakening" (Zhong 2018; Gang 2018; PBOC 2017b) . All of these reasons pushed the PBOC to reform its monetary policy framework, requiring not only a change of the intermediate target,
but also further institutional adjustments to solve the problems in the previous framework.
The Interest Rate Maintenance Mode in China
In China's monetary policy framework, the interest rate maintenance mode is similar to that of the United States. In these kinds of interest rate maintenance modes, a central bank sets an interest rate corridor to control the range of the interbank offered rate's fluctuations. The floor of the interest rate corridor is the interest rate paid on excess reserves and the ceiling is the interest rate on borrowing from the central bank (from the discount window, for example). When the market rate reaches the floor or the ceiling, the interest rate corridor enables the central bank to accommodate market demand for reserves passively and to stabilize the interest rate without difficulty in estimating this demand. If the interbank offered rate rises to the ceiling-because commercial banks can always obtain reserves from the central bank at the ceiling rate-the commercial banks would not borrow reserves from other banks at the rate higher than the ceiling rate and the rate would not go higher; if the rate declines to the floor-because the commercial banks can always earn interest at the floor rate from its excess reserves-the commercial banks would not lend reserves to other banks at a rate lower than the floor rate and thus the rate would not go lower. The interbank offered rate therefore is kept within the interest rate corridor.
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A central bank can choose to set the spread of its interest corridor to zero, but in the interest rate maintenance modes of China and the United States, the spread is larger than zero. In such institutional settings, if the target rate is set within the interest rate corridor, how precisely the central bank can achieve the target rate would not only depend on how small the spread is but also on how precisely the central bank is able to estimate and meet the market demand for reserves at the target rate via its open market operations. If its estimation of the market demand for reserves greatly deviates from the true value, the interbank offered rate will deviate from the target.
In China's previous monetary policy framework, while the floor of its interest rate corridor was provided by the interest rate paid for commercial banks' excess reserves in their accounts at the PBOC, there was no effective monetary policy tools for setting the ceiling. The rediscounting facility of the PBOC was subject to quotas and other controls on the commercial bills that could be rediscounted and the financial institutions that could obtain reserves from the rediscounting facility. Therefore, it was difficult and inconvenient for financial institutions to get access to the rediscounting facility for reserves. If a commercial bank failed to meet the reserve requirement, it would face a 21.6 percent penalty annual interest rate. The punishment for overdraft in the accounts at the PBOC was much heavier.
Open market operations were also constrained. As stated above, the ability of the OMOR to estimate and meet the market demand for reserves plays a key role in achieving the target rate.
In the previous monetary policy framework, it was not an easy task, because open market operations were conducted only twice a week (in the morning every Tuesday and Thursday).
The infrequence of the open market operations meant that the OMOR had to estimate the market 9 demand for reserves over a longer period. 2
In addition, the difficulty in estimating market demand for reserves was further increased by financial innovations and the fluctuation of foreign capital inflow. China's "Monetary Policy
Report" states that "in the past changes in loans and the RMB [renminbi] equivalent of official foreign-exchange holdings could accurately indicate changes in monetary aggregates" (PBOC 2013b). But this linkage was broken due to the fast growth of interbank deposits created by different forms of interbank business, which is hard to supervise. This made the demand for reserves to meet reserve requirements more unstable and harder to predict. Besides, after the reform of the RMB exchange rate formation mechanism in 2012, foreign capital inflow slowed down and became more unstable. This also made it hard to predict the market demand for reserves.
The Reform of the Monetary Policy Framework
As shown in table 3, since 2013, the PBOC has implemented a series of institutional reforms to its monetary policy operations and introduced several new policy tools. These reforms can be summarized as two key points: 1) establishing an interest rate corridor; and 2) decreasing the difficulty of the OMOR in estimating the market demand for reserves.
Table 2. New Monetary Policy Tools and Institutional Changes after 2013
In 2013, the PBOC established the Standing Lending Facility (SLF) so as to set up the ceiling of its interest rate corridor. This facility became mature in 2015. It provides reserves on demand to financial institutions with collateral. Its interest rate therefore sets the ceiling for the interbank offered rate's fluctuation. Figure 2 shows the relation between the interbank offered rate and the interest rate corridor. The Shibor kept staying in the spread. institutions could withdraw their required reserves as they needed within a certain percentage range to deal with shortages. The burden on the OMOR to provide reserves therefore was reduced. Besides, the PBOC also established a medium-term lending facility (MLF) in 2014 to affect medium-term interest rates.
Figure 2. Interest Rate Corridor
In addition, the principle of open market operations became clear in this period. It is summed up as "peak shaving and valley filling" (PBOC 2017a), which means providing reserves when the demand for reserves is high and absorbing reserves when the demand is low. This principle shows that instead of controlling money quantity, the OMOR accommodates the market demand in its daily operations.
Finally, it is worth mentioning that most interest rate controls have been abandoned now. The deregulation of interest rates was achieved step by step. In most cases the government allowed the rate to float within a small range around the official rate in the first step of the deregulation and then extended the range gradually until it finally abandoned the direct control. Table 2 shows the dates when different kinds of interest rates were finally deregulated. After the RMB deposit interest rate was deregulated in 2015, basically all kinds of interest rates had been deregulated. However, as a legacy of the interest rate control, the PBOC continues announcing the official deposit and lending benchmark rates of the RMB, even though the control on deposit and lending interest rates has been abandoned. 
The Success and Problems of the New Framework
These institutional reforms have proved to be successful so far in reducing the fluctuation of the interbank offered rate. This can also be seen in the decrease in the fluctuation of the Shibor during Spring Festival periods, as shown in figure 3 . In China, the Spring Festival periods are usually periods marked by large fluctuations of the interbank offered rate: before the Spring Festival, large sums of cash are withdrawn from commercial banks and this tends to push up the market rate; after the Spring Festival, the cash goes back into the banking system and this tends to push down the market rate. The commercial banks' demand for reserves therefore fluctuates greatly in this period. Firstly, although both the RMB loan interest rate and the RMB deposit interest rate have been deregulated, the PBOC continues announcing their official benchmark rates. How to coordinate the official benchmark rates with the upcoming target rate is a problem. On the one hand, many commercial banks continue using the official benchmark rates as the base to make markup pricing, so these rates now serve as a tool to affect loan interest rate and deposit interest rate. On the other hand, after the deregulation of interest rates, there is a tendency for commercial banks to switch to market rates, like the Shibor, to make their markup pricing, because the market rates better reflect their cost. The target rate in such cases is effective in affecting market interest rates.
If both kinds of pricing mechanisms coexist in the market, the effectiveness of the official benchmark rates and that of the upcoming target rate are conflicting. 14 Secondly, the change in the required reserves assessment method in 2015 was a double-edged sword for achieving the interest rate target. Since the change, the reserve balance is calculated by the average amount of the reserves during the maintenance period rather than by the amount at the end of each day in the maintenance period. The new assessment method allows financial institutions to not rush into the money market every day to get rid of the excess or accommodate for a shortage of reserves, smoothing the fluctuation of interest rates during the maintenance period. On the other hand, it makes the maintenance period a period to speculate on the future interest rate: "Averaging provisions encourages banks to speculate about daily or even hourly evolutions of the federal funds rate, by modifying their demand for reserves. The markets try to anticipate changes in the target rate, and they try to anticipate the evolution of the federal funds rate around the target rate" (Lavoie 2005) . The anticipation may be self-fulfilling (Krieger 2002) .
The OMOR now has to estimate the speculative demand for reserves. Although the central bank is still able to hit its target rate, the OMOR's difficulty in making the correct estimation is increased.
Finally, how to position the role of the Treasury remains an important problem for China's new monetary policy framework. This problem will be discussed in the next section. into account so that the target rate can be achieved precisely.
III. THE MISSING ROLE OF THE TREASURY IN THE MONETARY
In different monetary policy frameworks, the fiscal effects on reserves are dealt with in different ways. In Canada and the United States, the fiscal effects are neutralized by transferring between the Treasury's account at the central bank and its accounts at commercial banks. In Canada, this operation is made by the central bank in the afternoon, "after all settlement transactions with the government are completed," so that "it knows with perfect certainty the amounts that need to be transferred" (Lavoie 2005) . In the United States, the Treasury manages its account at the central bank to keep the balance at a certain amount each day. If the Treasury's expenditure is larger than its receipt in one day, the Treasury will transfer reserves from the Treasury Tax and Loan Accounts at commercial banks to its account at the central bank so as to keep the balance constant. Thus, the fiscal effects on reserves are neutralized (Bell 2000) . In the monetary policy frameworks where the central bank sets the spread of the interest rate corridor to zero, the neutralization is carried out in an automatic way through commercial banks' managing their reserves. For example, if tax payment pushes up the interbank offered rate, the commercial banks will go to the central bank's discount window for reserves and, thus, the fiscal effects will be neutralized. In the monetary policy frameworks where the central bank leaves excessive reserves in the market so as to achieve its target rate at the interest rate paid to excess reserves (Fullwiler 2005) , the central bank allows the market to hold excessive reserves so as to neutralize the fiscal effects. When the government receives taxes, the reserves are transferred from commercial banks to the TSA. If the taxpayers make the payment in the Horizontal Networking System-which is a digital tax-payment system-the transfer will be made in real time. If not, the taxes will first be collected in the Treasury accounts to be settled and then the reserves will be transferred to the TSA within one day. As for the nontax revenues in the zero balance accounts, they are first transferred to the special Treasury accounts. After the Treasury checks the related information on the receipts, the reserves are transferred to the TSA. As for Treasury bond issuance, the reserves are transferred directly to the TSA.
In the TSA system, therefore, there is no flexible tool for transferring money between the TSA and the accounts in commercial banks so as to manage the fiscal effects on reserves. In addition to the TSA system, cash management and Treasury bond issuance should also be taken into account. They do not provide flexible tools for managing the fiscal effects on reserves either. reserves to the commercial banks that win the bid and holds fixed-term deposits in these commercial banks. These operations are infrequent and therefore are not flexible enough for managing the fiscal effects. Besides, it seems that both kinds of cash management operations did not take market conditions into full consideration. Some auctions were held near the end of a month when the government's expenditure reached its peak and injected lots of reserves into the market. The Treasury's first two bond repurchase operations in 2006 and 2008 were not very successful because they were conducted in the periods when the demand for reserves was low. 
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The central government's bonds issuance is also infrequent, as shown in table 5. The infrequence of the issuance makes it hard to make use of Treasury bond issuance to assist the PBOC's operations. Besides, the above is also true for the local governments' cash management and bond issuance, which are more irregular and have a larger scale than the central government's. In China's monetary policy framework, the burden of managing the effects therefore falls on the shoulders of the OMOR. Under the "peak shaving and valley filling" principle, if the fiscal effects on reserves are not offset by other factors, the OMOR would inject reserves during the tax payment period or when Treasury bonds are issued, and absorb reserves when the government spends.
However, it is not an easy task for the OMOR to fully neutralize the fiscal effects on reserves for the following reasons. Firstly, the uncertainty of the government's expenditures and receipts increases the PBOC's difficulty in achieving the target rate. Because the government's expenditures and receipts rely on economic conditions to some degree and economic conditions are full of uncertainty, it is a matter of skill and luck for the OMOR to make correct estimations about the effects of fiscal activities.
Secondly, the periodic variation of the balance in the TSA is very large. It is not only because the scale of the expenditures and receipts is very large, but also because the periodic variation of the expenditures and that of receipts do not coincide with each other. On the one hand, the tax payment deadline is, for the most part, in the middle of a month or in the middle of the first month of a season. Thus, tax payments usually reach their peak in the middle of a month and in the first month of a season. On the other hand, expenditures reach their peak at the end of a month, because many types of payments have to be made before each government department prepares its financial statement at the end of the month. Besides, because the budget of a department relies on last year's balance (the Treasury usually increases the budget when it is not enough to cover a department's expenditure), it gives the government departments an incentive to spend more at the end of a year. This is one of the reasons why expenditures reach their peak at the end of a year. As shown in figure 6, in months with large fiscal expenditures or receipts, 23 the balance change might be two to five times the total excess reserves in the financial system. to provide a coordination mechanism between the Treasury and the PBOC.
IV. CONCLUSION
The institutional evolution of China's monetary policy framework is closely related to China's marketization process. The rapid growth of the market economy after 1978 pushed the government to abandon its direct control on finance and to build up a financial market. In the transitional stage, when the financial market was not mature and the direct control on finance was not abandoned entirely, the old monetary policy framework was built to affect financial activity. However, due to the rapid development of the financial markets, the old framework became more and more problematic and it forced the PBOC to make an institutional transformation to a new framework in the new century. Secondly, cooperation between the Treasury and the PBOC is needed so as to manage the fiscal effects on reserves. One possible solution to the problem of how to manage the fiscal effects is the opening of special accounts at commercial banks so as to control the balance of the TSA by transferring between the TSA and the special accounts. However, it would not be an easy task to reform the TSA system. It has long been a controversial question in China whether the central bank should be a manager or an agency of the TSA. The reform can be carried out only when both sides are satisfied with the new system. Therefore, it is to some degree a political problem how the reform of China's monetary policy framework will be carried out in the future. Like the old Chinese saying, "行百里者半九十" (Ninety miles is only half of a hundred miles journey), the remaining part of a reform is usually the hardest part. So is the reform of China's monetary policy framework.
APPENDIX: MODERN MONEY THEORY AND CHINA'S PRACTICE
This paper provides some institutional details for analyzing China's financial system using a Modern Money Theory (MMT) framework. According to MMT, a government with currency sovereignty is always spending by creating money and there is no internal financial constraint for the government to do so. Every government does face constraints because of the budget set by their congress, but they do not face a constraint because the Treasury does not have enough money.
Traditional opinions hold that there are internal constraints for the government's ability to spend by creating money. These constraints include that the Treasury can spend only when its balance at the central bank is positive and that the central bank is banned from buying Treasury bonds in the primary market. Adherents of MMT state that these internal constraints can be bypassed easily. Considering the fiscal effects on reserves, it is necessary for the central bank to cooperate with the Treasury to bypass the self-imposed constraints, because the central bank's responsibility is to protect the stability of the domestic payment system and keep it from a liquidity crisis. It is a common practice for a central bank to buy Treasury bonds in the secondary market so as to inject reserves into the market before a Treasury bonds issuance. By keeping the financial market stable and supplied with enough reserves, the central bank creates a financial situation in which the Treasury bond auction is easily successful. If the central bank refuses to do so, the shortage of reserves caused by the Treasury bond issuance may destabilize the payment system and this would violate the central bank's responsibility. With a well-designed Treasury bond auction system-or other financial instruments (such as tax-anticipation bills)-the self-imposed constraints can therefore be bypassed easily and the 30 result is exactly the same as when the Treasury sells bonds directly to the central bank. 3 This is also true for China. In China, how the Chinese government's fiscal activities affect reserves can be observed in the Treasury Single Account (TSA) system. It is clear that fiscal activities have a direct impact on money and how to manage the impact is now an important problem in China's new monetary framework. One interesting fact in China is that both the central government's and the local governments' spending create money (as we explain in the third section of the paper), but only the central government is able to bypass the internal financial constraints. The constraints here mean that China's government can spend only when the balance in the TSA is positive; the PBOC cannot provide overdraft facilities for the TSA and cannot buy Treasury bonds in the primary market.
For China's central government, there are no internal financial constraints for its spending by creating money. The self-imposed constraints can be bypassed easily with the cooperation of the PBOC. Under the "peak shaving and valley filling" principle, the OMOR injects reserves into the market in the periods when a large sum of reserves is transferred to the TSA due to the Treasury bonds issuance. The reason for the PBOC to do so is not that it does not have enough independence. Rather, its responsibility as a central bank to protect the stability of the domestic payment system requires it to do so. Because the PBOC creates a financial situation in which the Treasury bond auction is easily successful by keeping the financial market stable and supplied with enough reserves, it is hard for commercial banks to refuse the Treasury bonds-which are not only profitable but also highly liquid. With a stable financial market and a well-functioning Treasury bond auction system, the central government can surpass constraints without much difficulty. 3 For more details about this process, please refer to Wray (2015) .
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For China's local governments, however, the constraints on them are imposed by the central government and the PBOC rather than by themselves. The total number of local government bonds is limited by the central government. Even if the local governments issue debts through financial innovation so as to bypass the limits, these debts would not be acceptable for getting liquidity from the central bank. Without the support of the central government and the central bank, whether these debts can be issued successfully relies on the market's assessment on the local governments' financial situation. If a local government falls into a Ponzi finance situation, in which its income flow cannot cover the principal and interest of its debts, it may fail to roll over its debts and go bankrupt.
